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Abstract
Using rotation in SU(3) space, a set of relations between var-
ious decay modes of Bd and Bs are derived. The decays B¯
0
d →
K∗−pi+(ρ+K−), B¯0s → K∗−K+ are expressed in terms of decay param-
eters of B¯0d → ρ−pi+(ρ+pi−). In particular the parameters r−+(r+−)
of Bd → ρpi decays are obtained in terms of experimentally known de-
cay rates R−+(R+−) = 12
(
Γρ+pi−(ρ−pi+) + Γ¯ρ−pi+(ρ+pi−)
)
, R′−+(R′+−) =
1
2
(
ΓK∗+pi−(ρ−K+) + Γ¯K∗−pi+(ρ+K−)
)
, known parameters λ¯, fK∗/fρ(fK/fpi)
and two parameters B−+ =
R−+
|T−+|2 , B+− =
R+−
|T+−|2 which are deter-
mined by using factorization for tree amplitudes T−+ and T+−. We
find r−+ = 0.21 ± 0.04, r+− = 0.25 ± 0.06. With these values the
following bounds on (z ≡ cos γ cos δ, x = sin γ sin δ) are derived:
−0.34(−0.33) ≤ z−+(z+−) ≤ 0.28(0.27)
and
0.16(0.43) ≤ x−+(x+−) ≤ 0.58(1.00)
From (x, z) plot we obtain following bounds on weak phase γ and
strong phases δ′s z−+ > 0, γ ≥ 70◦, 10◦ ≤ δ−+ ≤ 40◦, z−+ < 0, γ ≥
65◦, (180− δ−+). For δ+− we get 25◦ ≤ δ+− ≤ 90◦ or (180 − δ+−).
1
The decays of B mesons to two light mesons which belong to an octet or
nonet representation of SU (3) have been extensively studied [1].The various
decay modes can be related to each other by rotation in SU (3) space, using
the relations [2]
[
F ij , qk
]
= δikqj −
1
3
δijqk (1)[
F ij , q
k
]
= −δkj qi +
1
3
δijq
k (2)
where F ij are SU (3) generators. In particular, using[
F 32 , HW (s)
]
= HW (d) (3)
F 23 |s¯〉 = −|d¯〉, F 23 |d〉 = |s〉
F 32 |d¯〉 = −|s¯〉 (4)
F 32 |B¯0d〉 = F 32 |bd¯〉 = −|bs¯〉 = −|B¯0s 〉 (5)
we can relate various decay modes. The SU (3) relations for various decay
modes have been studied in refrences [3, 4]. In this paper, we concentrate on
the decay modes which we believe have not been covered although there is
bound to be overlap.Suppressing the CKM factors (which can be inserted for
each relevant amplitude) we obtain the following relations for various decay
2
modes for B → PV decays:〈
K∗0K¯0 |HW (d)| B¯0d
〉
=
〈
K∗0K¯0 |HW (s)| B¯0s
〉
+
{ 1√
2
[〈
ρ0K¯0 |HW (s)| B¯0d
〉− 〈ωK¯0 |HW (s)| B¯0d〉]
− 〈φK¯0 |HW (s)| B¯0d〉
}
=
〈
K∗0K¯0 |HW (s)| B¯0s
〉
+
{1
2
[
(C ′ − P ′ − P ′EW )−
(
C ′ + P ′ + 1
3
P ′EW
)]
− (−P ′ + 1
3
P ′EW
)}
(6)
〈
K0K¯∗0 |HW (d)| B¯0d
〉
=
〈
K0K¯∗0 |HW (s)| B¯0d
〉
+


1√
2
[ 〈
pi0K¯∗0 |HW (s)| B¯0d
〉−〈
ηnsK¯
∗0 |HW (s)| B¯0d
〉 ]
+
〈
ηsK¯
∗0 |HW (s)| B¯0d
〉

 (7)
where ηns =
1√
3
(
η8 +
√
2η1
)
, ηs =
1√
3
(
η1 −
√
2η8
)
(8)〈
K∗+K− |HW (d)| B¯0d
〉
=
〈
K∗+K− |HW (s)| B¯0s
〉− 〈ρ+K− |HW (s)| B¯0d〉 (9)〈
K∗−K+ |HW (d)| B¯0d
〉
=
〈
K+K∗− |HW (s)| B¯0s
〉− 〈pi+K∗− |HW (s)| B¯0d〉 (10)〈
K∗0K− |HW (d)|B−
〉
=
1√
2
[〈
ρ0K− |HW (s)|B−
〉− 〈ωK− |HW (s)|B−〉]
− 〈φK− |HW (s)|B−〉
=
1
2
[
(T ′ + C ′ + P ′ + P ′EW )−
(
T ′ + C ′ + P ′ +
1
3
P ′EW
)]
−
[
−P ′ + 1
3
P ′EW
]
(11)
〈
K0K∗− |HW (d)|B−
〉
=
1√
2
[〈
pi0K∗− |HW (s)|B−
〉− 〈ηnsK∗− |HW (s)|B−〉]
+
〈
ηsK
∗− |HW (s)|B−
〉
(12)
For the sake of completeness, using the above technique we derive the fol-
3
lowing relations .〈
ρ−pi+ |HW (d)| B¯0d
〉
=
〈
K∗−pi+ |HW (s)| B¯0d
〉
+
〈
ρ−pi+ |HW (s)| B¯0s
〉
(13)〈
ρ+pi− |HW (d)| B¯0d
〉
=
〈
ρ+K− |HW (s)| B¯0d
〉
+
〈
ρ+pi− |HW (s)| B¯0s
〉
(14)〈
φpi− |HW (d)|B−
〉
=
〈
φK− |HW (s)|B−
〉
+
〈
K¯∗0pi− |HW (s)|B−
〉
(15)〈
φpi0 |HW (d)| B¯0d
〉
= − 1√
2
〈
φK¯0 |HW (s)| B¯0d
〉
+
〈
K¯∗0pi0 |HW (s)| B¯0d
〉
+
〈
φpi0 |HW (s)| B¯0d
〉
= − 1√
2
[
−P ′ − 1
3
P ′EW
]
+
1√
2
[C ′ − P ′ + P ′EW ]
+
1√
2
[−C ′ − P ′EW ] (16)
We note that only penguin contributes to the decay channel B¯0 → K∗0K¯0, B¯0 →
K0K¯∗0. Hence it follows from Eqs.(6), (7), (11) and (12)〈
K∗0K¯0 |HW (d)| B¯0d
〉
= P = |Vub| |V ∗ud| e−iγPu − |Vcb| |V ∗cd|Pc
= |Vcb| |Vcs| |Pc| ×
[−λ¯ + rei(−γ+δ)] (17)〈
K∗0K¯0 |HW (s)| B¯0s
〉
= P ′ = |Vub| |V ∗us| e−iγPu + |Vcb| |V ∗cs|Pc
≈ |Vcb| |Vcs| |Pc| (18)
A¯
(
B¯0d → K0K¯∗0
)
= |Vcb| |Vcs|
∣∣∣P˜c∣∣∣× [−λ¯ + r˜ei(−γ+δ)] (19)
A¯
(
B¯0s → K0K¯∗0
) ≈ |Vcb| |Vcs| ∣∣∣P˜c∣∣∣ (20)
A¯
(
B− → K∗0K−) = |Vcb| |Vcs| ∣∣P ′0−c ∣∣ [−λ¯+ r′0−ei(−γ+δ′0−)] (21)
A¯
(
B− → φK−) = |Vcb| |Vcs| ∣∣P ′0−c ∣∣
[
1 +
1
3
δ0−EW
]
(22)
A¯
(
B− → K0K∗−) = |Vcb| |Vcs| ∣∣P ′−0c ∣∣ [−λ¯+ r′−0ei(−γ+δ′−0)] (23)
A¯
(
B− → ηsK∗−
)
= |Vcb| |Vcs|
∣∣P ′−0c ∣∣
[
1 +
1
3
δ−0EW
]
(24)
where
reiδ =
|Vub| |V ∗ud|
|Vcb| |Vcs|
∣∣∣∣PuPc
∣∣∣∣ eiδ (25)
4
Vcs = 1− λ
2
2
, Vcd = −λ, Vus = λ, Vud = 1− λ
2
2
λ¯ =
λ
1− λ2/2 (26)
and
δEW =
|P ′EW |
|P ′c|
It may also be noted, that for the decay channel B− → φpi−, only color
supressed and electroweak penguin contributes. Negelecting the color su-
pressed penguin contribution in Eq.(15), we get
A¯
(
B− → K¯∗0pi−) = |Vcb| |Vcs| ∣∣P ′0−c ∣∣ (27)
and
A¯
(
B− → ρ−K¯0) = |Vcb| |Vcs| ∣∣P ′−0c ∣∣ (28)
Electroweak penguins are in a class different from those of gluon penguins.
Assumung factorization for electroweak penguin, we get from Eq.(6), an in-
tresting sum rule
fρF
B−K
1
(
m2ρ
)− 1
3
fωF
B−K
1
(
m2ω
)− 2
3
fφF
B−K
1
(
m2φ
)
= 0 (29)
Assuming
FB−K1
(
m2ρ
)
= FB−K1
(
m2ω
)
= FB−K1
(
m2φ
)
(30)
we obtain the relation
fρ − 1
3
fω − 2
3
fφ = 0 (31)
reminiscent of current algebra, and spectral function sum rules of 1960’s [5].
Sum rule (31) is very well satisfied by the experimental values [6]
fρ = (209± 1)MeV, fω = 187± 3MeV, fφ = 221± 3MeV
The assumption stated in Eq (30) holds as the form factor F1 at 1GeV will
not differ much at the masses m2ρ, m
2
ω and m
2
φ
Similarly we get the sum rule
fpi − 1
3
fηns −
2
3
fηs = 0 (32)
5
Finally, from the term in curly bracket in Eq.(6) we get the following relations
between average decay rates and mixing induced CP asymmetries for B0d →
ρ0K¯0,ωK¯0, φK¯0
〈Γ〉ωK + 〈Γ〉ρ0K
〈Γ〉φK
≈ 1
[
(4.7± 0.6) + (5.1± 1.6)
8.3± 1.12 = 1.2± 0.3
]
expt. value
(33)
S(ρ0Ks) + S(ωKs)
2
= S(φKs) = − sin 2β (34)
C(ρ0Ks) = −C(ωKs) ≈ 2r′c sin γ sin δ′ +O(r′cr′EW ) (35)
where
r′ce
iδ′ =
C ′
P ′
=
|C ′|
|P ′|e
iδ′ (36)
We obtain some intresting results from Eqs.(9) and (10). First we note that
onlyW -exchange diagram contributes to B¯0d → K∗+K−, K+K∗− decay chan-
nels; neglecting this contribution and also neglecting the W -exchange con-
tribution to B¯0s → ρ+pi−, ρ−pi+ in Eqs (13) and (14), we get〈
K∗+K− |HW (s)| B¯0s
〉
=
〈
ρ+K− |HW (s)| B¯0d
〉
= |Vub| |V ∗ud|
∣∣T+−∣∣ [e−iγ λ¯fK
fpi
− 1
λ¯
r+−eiδ+−
]
(37)
r+− =
|P+−|
|T+−|〈
K+K∗− |HW (s)| B¯0s
〉
=
〈
pi+K∗− |HW (s)| B¯0d
〉
= |Vub| |V ∗ud|
∣∣T−+∣∣ [e−iγ λ¯fK∗
fρ
− 1
λ¯
r−+eiδ−+
]
(38)
Before, we examine the consequences of B → PV decays for various channels
obtained above, we discuss the various decay channels of B → P1P2. For
these decays, replace K∗ with K in Eqs.(7), (10) and (12).Hence for the
decay amplitudes A¯(B¯0d → K0K¯0), A(B¯0s → K0K¯0); replace PC by p′c; r, δ
by rn, δ
′
n in Eqs. (17) and (18) and P
′0−
c , r
′
0− and δ
′
0− by p
′
c, r
′
c and δ
′
c in
Eq.(21) for the amplitude A¯(B− → K0K−). The amplitudes for the decays
B¯0s → K+K−, B− → ηsK− and B− → pi−K¯0 are given below.
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A¯
(
B¯0s → K+K−
)
= A¯
(
B¯0d → pi+K−
)
= |Vcb| |Vus| |t′| e−iγ + |Vcb| |Vus| |p′c|
= |Vcb| |Vus| |p′c|
[
1 + r′ei(−γ+δ
′)
]
(39)
A¯
(
B− → K0K−) = |Vcb| |Vcs| |p′c| [−λ¯ + r′cei(−γ+δ′c)] (40)
A¯
(
B− → ηsK−
)
= |Vcb| |Vcs|
[
p′c +
1
3
p′EW
]
In addition we have
A¯
(
B− → pi−K¯0) ≈ |Vcb| |Vcs| |p′c| (41)
For the observables for the decay B → P1P2:
〈Γn〉 ,∆n =
Γ
(
B0d → K0K¯0
)± Γ (B¯0d → K0K¯0)
2
(42)
〈Γc〉 ,∆c =
Γ
(
B+ → K+K¯0)± Γ (B− → K−K0)
2
(43)
AnCP =
∆n
〈Γn〉 (44)
AcCP =
∆c
〈Γc〉 (45)
we obtain the following results
Γ
(
B¯0s → K0K¯0
) ≈ Γ (B− → pi−K¯0) (46)
〈Γn〉
λ¯
2
Γ
(
B− → pi−K¯0) ≈
[
1− 2r
′
n
λ¯
cos γ cos δ′n +
r′2n
λ¯
2
]
(47)
〈Γc〉
λ¯
2
Γ
(
B− → pi−K¯0) ≈
[
1− 2r
′
c
λ¯
cos γ cos δ′n +
r′2c
λ¯
2
]
(48)
An,cCP ≈
λ¯
2
Γ
(
B− → pi−K¯0)
〈Γn,c〉
[
2
r′n,c
λ¯
sin δ′n,c sin γ
]
(49)
7
Using the following values for the branching ratios: [8]
B (B− → pi−K¯0) = (24.1± 1.7)× 10−6 (50)
B (B− → K0K−) = (1.2± 0.32)× 10−6
(51)
B (B0 → K0K¯0) = (1.13± 0.38)× 10−6
we get
〈Γn〉
λ¯
2
Γ
(
B− → pi−K¯0) = 0.94± 0.32 (52)
〈Γc〉
λ¯
2
Γ
(
B− → pi−K¯0) = 1.00± 0.25 (53)
Hence (
1− 2r
′
n
λ¯
cos γ cos δ′n +
r′2n
λ¯
2
)
= 0.94± 0.32 (54)(
1− 2r
′
c
λ¯
cos γ cos δ′c +
r′2c
λ¯
2
)
= 1.00± 0.25 (55)
In this approximation
An,cCP =
2r′n,c
λ¯
sin δ′n,c sin γ (56)
With improvement in experimental accuracy, these predictions can be tested
.
From Eq.(41), we get the results
Γ
(
B¯0s → K+K−
) ≈ Γ (B¯0d → pi+K−) (57)
ACP
(
K+K−
) ≈ ACP (pi+K−) = −2r′ sin δ′c sin γ
1 + 2r′ cos δ′c cos γ + r′2
(58)
The experimental values [8] for the decay rates and ACP are
Γ
(
B¯0d → pi+K−
)
= (1.82± 0.08)× 10−5
Γ
(
B¯0s → K+K−
)
< 5.9× 10−5
ACP (pi
+K−) = −0.113± 0.020
8
Eqs.(57) and (58) can be tested when the experimental data on B¯0s →
K+K− will be available.
In order to discuss the mixing induced CP -asymmetries we first give a
general expression for the time dependent decay rates for B0 → f, f¯ in terms
of these asymmetries
Γf¯ ,f (t) = e
−Γt1
2
(
Rf +Rf¯
)
(1± ACP )
{
1 + cos∆mt (Cf ±∆Cf)
− sin∆mt (Sf ±∆Sf )
}
(59)
The decay rates Γ¯f¯ ,f can be obtained from Eq.(59) by changing cos∆mt→
− cos∆mt, sin∆mt→ − sin∆mt.
The direct CP asymmetries Cf±∆Cf and mixing induced CP -asymmetries
Sf ±∆Sf in terms of scattering amplitudes are given by
Cf ±∆Cf =
∣∣Af¯ ,f ∣∣2 − ∣∣A¯f¯ ,f ∣∣2∣∣Af¯ ,f ∣∣2 + ∣∣A¯f¯ ,f ∣∣2
=
± (Rf −Rf¯)+ (Rfaf +Rf¯af¯)(
Rf +Rf¯
)
(1± ACP )
(60)
(
Rf +Rf¯
)
(1±ACP ) (Sf ±∆Sf) = 2 Im
[
e−2iφMA∗¯f,f A¯f¯ ,f
]
(61)
Rf =
∣∣Af¯ ∣∣2 + ∣∣A¯f ∣∣2
2
, Rf¯ =
|Af |2 +
∣∣A¯f¯ ∣∣2
2
(62)
Rfaf =
1
2
[∣∣Af¯ ∣∣2 − ∣∣A¯f ∣∣2] ,
Rf¯af¯ =
1
2
[
|Af |2 −
∣∣A¯f¯ ∣∣2] (63)
ACP =
Rfaf −Rf¯af¯
Rf +Rf¯
(64)
Af¯CP = −af , AfCP = −af¯ (65)
Note the weak phase φM = β for B
0
d and φM = 0 for B
0
s . For the case
|f¯〉 = CP |f〉, we have Rf = Rf¯ , af¯ = af , ACP = 0,∆Cf = 0,∆Sf = 0
9
For this case, we have
Γf (t)− Γ¯f (t)
Γf (t) + Γ¯f (t)
= cos∆mtCf − sin∆mtSf (66)
Cf =
|Af |2 −
∣∣A¯f ∣∣2
|Af |2 +
∣∣A¯f ∣∣2 (67)
Sf =
2 Im
[
e−2iφMA∗f A¯f
]
|Af |2 +
∣∣A¯f ∣∣2 (68)
The mixing-induced CP asymmetry S (pi+K−) is zero, since the decay B¯0d →
pi−K+ is not allowed in the standard Model. However, for the decay B¯0d →
K0K¯0 and B¯0s → K+K−, the CP asymmetries, can be easily calculated using
Eqs. (66,67,68). We get
Cn = A
n
CP (69)
Sn = −
λ¯
2
Γ
(
B− → pi−K¯0)
〈Γn〉
{
sin 2β − 2 r′n
λ¯
sin (γ + 2β) cos δ′n
+ r
′2
n
λ¯
2 sin (2β + 2γ)
}
(70)
Sn
(
K+K−
)
=
− sin 2γ − 2r′ cos δ′c sin γ
1 + 2r′ cos δ′c cos γ + r′2
≈ − sin 2γ + 2r′ cos δ′c sin γ cos 2γ (71)
The mixing induced CP -asymmetry S (K+K−) and direct CP -asymmetry
ACP (pi
+K−) would give an alternate way of determining phase γ, when ex-
perimental data on B¯0s → K+K− will become available.
For the decay B0 → PV, we get similar results as for B0 → P1P2. In
particular, the following results are of particular interest. From Eqs˙. (29) to
(32), we obtain
〈Γ0−〉
λ¯
2
Γ
(
B− → K¯∗0pi−) =
[
1− 2r
′
0−
λ¯
cos γ cos δ′0− +
r20−
λ¯
2
]
(72)
〈Γ−0〉
λ¯
2
Γ
(
B− → ρ−K¯0) =
[
1− 2r
′
−0
λ¯
cos γ cos δ′0− +
r2−0
λ¯
2
]
(73)
a0−CP =
λ¯
2
Γ
(
B− → K¯∗0pi−)
〈Γ0−〉
[
2
r′0−
λ¯
sin γ sin δ′0−
]
(74)
a−0CP =
λ¯
2
Γ
(
B− → ρ−K¯0)
〈Γ−0〉
[
2
r′−0
λ¯
sin γ sin δ′−0
]
(75)
10
There is no experimental data on B− → K∗0K− and B− → K∗−K¯0 decays
to draw conclusion regarding weak phase γ and strong phases δ′0− and δ
′
−0.
However from Eqs.(37) and (38), we obtain observables for which experimen-
tal data is available. In particular, we get
Γ
(
B¯0s → K∗−K+
)
= Γ
(
B¯0 → K∗−pi+) (76)
Γ
(
B¯0s → K∗+K−
)
= Γ
(
B¯0 → ρ+K−) (77)
A′±CP = −a′
(
K∗−K+
)
= −a′ (K∗−pi+) = |T−+|2
R′−+
[
2r−+
fK∗
fρ
sin γ sin δ−+
]
(78)
A′∓CP = −a
(
K∗+K−
)
= −a′ (ρ+K−) = |T+−|2
R′+−
[
2r+−
fK
fpi
sin γ sin δ+−
]
(79)
A±CP = −a−+ =
|T−+|2
R−+
[−2r−+ sin γ sin δ−+] (80)
A∓CP = −a+− =
|T+−|2
R+−
[−2r+− sin γ sin δ+−] (81)
where
R′−+
|T−+|2 = B
′
−+ =
[(
λ¯
fK∗
fρ
)2
− 2r−+fK
∗
fρ
cos γ cos δ−+ +
1
λ¯
2 r
2
−+
]
(82)
R′+−
|T+−|2 = B
′
+− =
[(
λ¯
fK
fpi
)2
− 2r+−fK
fpi
cos γ cos δ+− +
1
λ¯
2 r
2
+−
]
(83)
R−+
|T−+|2 = B−+ =
[
1 + 2r−+ cos γ cos δ−+ + r2−+
]
(84)
R+−
|T+−|2 = B+− =
[
1 + 2r+− cos γ cos δ+− + r2+−
]
(85)
11
From above equations, we obtain the results
a′−+
a−+
= −
(
fK∗
fρ
)(
R−+
R′−+
)
(86)
a′+−
a+−
= −
(
fK
fpi
)(
R+−
R′+−
)
(87)
r2−+ = λ¯
2
[
B−+
R′−+
R−+
+ (B−+ − 1) fK
∗
fρ
]
(88)
r2+− = λ¯
2
[
B+−
R′+−
R+−
+ (B+− − 1) fK
fpi
]
(89)
In the end, we discuss the relations between various observables defined in
Eqs.(59-66) for the decays B¯0d → ρ−pi+, ρ+pi− and B¯0s → K∗−K+, K∗+K−.
The CP violating asymmetry ACP , the direct CP violation C, the dilution
parameter ∆C, the mixing induced CP violation S and dilution parameter
∆S for the ρpi and K∗K decay channels, are related to each other by SU(3).
We obtain the following results for the various observables, using Eqs. (37)
and (38); dashed quantites refer to B¯0s → K∗−K+, K∗+K− and undashed to
B¯0d → ρ−pi+, ρ+pi−)
A′CP = −
1
2
R−+ +R+−
R′−+ +R
′
+−


(
fK∗
fρ
+ fK
fpi
)
ACP
+
(
fK∗
fρ
− fK
fpi
)
(C + ACP∆C)

(90)
C ′ + A′CP∆C
′ = −1
2
R−+ +R+−
R′−+ +R′+−


(
fK∗
fρ
+ fK
fpi
)
(C + ACP∆C)
+
(
fK∗
fρ
− fK
fpi
)
ACP

 (91)
∆C + ACPC =
R−+ − R+−
R−+ +R+−
; ∆C ′ + A′CPC
′ =
R′−+ −R′+−
R′−+ +R′+−
(92)
Taking δt =
(
δ+−T − δ−+T
)
= 0[9], we get for mixing induced CP - violating
parameters S and ∆S, the following results: (neglecting terms of the order
r−+r+−)
1
t
(
B−+ + t2B+−
)
[∆S ′ + A′CPS
′] ≈ R−+ +R+−
R′−+ +R′+−
2 cos γ
[
−fK∗
fρ
r+− sin δ+−
+ fK
fpi
r−+ cos δ−+
]
(93)
12
1t
(
B−+ + t
2B+−
)
[S + ACP∆S] ≈ 2
[ − sin (2β + 2γ)− sin (2β + γ)×
(r−+ cos δ−+ + r+− cos δ+−)
]
(94)
1
t
(
B−+ + t2B+−
)
[∆S + ACPS] ≈ 2 cos (2β + γ) [r+− sin δ+− − r−+ sin δ−+] (95)
1
t
(
B−+ + t2B+−
)
[S ′ + A′CP∆S
′] ≈ R−+ +R+−
R′−+ +R
′
+−
2


−λ¯2fK∗fK
fρfpi
sin 2γ
+ sin γ
(
fK
fpi
r−+ cos δ−+
+ fK∗
fρ
r+− cos δ+−
)


(96)
In order to make contact with the experimental data, we use the data of
refrence [8].Using the following experimental values
R−+ +R+− = (22.8± 2.5)× 10−6
R′−+ = (11.8± 1.5)× 10−6, R′+− = (8.5± 2.8)× 10−6 (97)
a−¯+ = 0.15± 0.08, a+− = 0.53± 0.13
C = 0.30± 0.13, ∆C = 0.33± 0.13 (98)
we obtain
ACP = −0.087± 0.07, R−+ = (14.9± 2.2)× 10−6, R+− = (7.9± 1.8)× 10−6
(99)
Hence using the above values we get from Eqs.(86), (87)
a′−+ = −0.20± 0.11 (−0.05± 0.14) , a′+− = −0.60± 0.41 (−0.26± 0.15)
where the numbers within the brackets are experimental values.
In order to obtain the values of r−+ and r+− from Eqs.(88) and (89) we
need the values for B−+ and B+−. Using [9],
B−+ = 1.03± 0.12, B+− = 1.05± 0.12 (100)
we obtain
r2−+ = 0.044± 0.014; r−+ = 0.21± 0.04; 0.17 ≤ r−+ ≤ 0.24 (101)
r2+− = 0.063± 0.038, r+− = 0.25± 0.06; 0.19 ≤ r+− ≤ 0.30 (102)
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to be compared with the values given in refrence [7]. The following remarks
are in order. The values given in Eq.(100) has been obtained from B−+ =
R−+
|T−+|2 , B+− =
R+−
|T+−|2 , using factorization for the tree amplitude T−+ with
|Vub| = 3.45× 10−3, f+(m2ρ) = 0.26 and t2 = 0.52
Using the above values of r−+, r+−, B−+ and B+−, we get from Eqs.(80,81)
and(84,85)
x−+ ≡ sin γ sin δ−+ = 0.37± 0.21, 0.16 ≤ x−+ ≤ 0.58 (103)
x+− ≡ sin γ sin δ+− = 1.11± 0.68, 0.43 ≤ x+− ≤ 1 (104)
z−+ ≡ cos γ cos δ−+ = −0.03± 0.31, − 0.34 ≤ z−+ < 0.28 (105)
z+− ≡ cos γ cos δ+− = −0.03± 0.30, − 0.33 ≤ z+− < 0.27 (106)
From Eqs.(103) and (104), we obtain the following limits on the final state
strong phases, for γ in the range 51◦ ≤ γ ≤ 75◦[8]
10◦ ≤ δ−+ ≤ 48◦ or 170◦ ≥ δ−+ ≥ 132◦
27◦ ≤ δ+− ≤ 90◦ or 153◦ ≥ δ+− ≥ 90◦
We note that x and z satisfy the following equations
x2
sin2 γ
+
z2
cos2 γ
= 1
(107)
x2
sin2 δ
+
z2
cos2 δ
= 1
Figs(1,2) display these ellipses in (x, z) plane for x−+, z−+ and x+−, z+− re-
spectively for various values of γ and δ. The experimental data restrict the
allowed area in (x, z) plane to the dark shaded regions in Figs(1,2). It is
clear from Fig 1, that for z−+ < 0, γ > 65◦, whereas γ > 70◦ for z−+ > 0.
From Figs 1 and 2, we also note that δ−+ ≤ 40◦ for z−+ > 0 or δ−+ ≥ 140◦
for z−+ < 0, whereas δ+− ≥ 25◦ or δ+− ≤ 155◦.
Using the experimental values given in Eqs.(97) and (98), we obtain
R−+ +R+−
R′−+ +R′+−
= 1.12± 0.22 (108)
A′CP = 0.14± 0.09 (109)
C ′ + A′CP∆C
′ = −0.34± 0.17 (110)
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Since the experimental values for mixing induced asymmetries S and ∆S
have large errors, there is no point in giving the numerical values for S ′ and
∆S ′.
To conclude:
Using rotation in SU(3) space, a set of relations between various decay
modes of B mesons have been derived. In this way, we have avoided use
of group representation of SU(3) symmetry. In particular we have related
the decay modes of B¯0d and B¯
0
s to KK¯,K
∗K¯, K¯∗K and B¯0s → K+K− to
B¯0d → pi+K−. Due to lack of experimental data, some of the relations cannot
be tested. However for B0 → ρK, ωK, φK decays we get
〈Γ〉ωK + 〈Γ〉ρ0K
〈Γ〉φK ≈ 1,
S(ρ0Ks) + S(ωKs)
2
= S(φKs) = − sin 2β (111)
C(ρ0Ks) = −C(ωKs) (112)
fρ − 1
3
fω − 2
3
fφ = 0 (113)
In more details, we have expressed the decay amplitudes
〈
K∗−K+ |Hw(s)| B¯0s
〉
=〈
K∗−pi+ |Hw(s)| B¯0d
〉
and
〈
K∗+K− |Hw(s)| B¯0s
〉
=
〈
ρ+K− |Hw(s)| B¯0d
〉
in terms
of the decay parameters of B¯0d → ρ−pi+ and B¯0d → ρ+pi− respectively. In par-
ticular in Eqs.(88) and (89), we have obtained r−+(r+−) in terms of two un-
known parameters B−+(B+−) as all other terms in these equations are known
experimentally. These equations follow from broken SU(3). SU(3) is a good
symmetry except for the masses and the matrix elements of weak currents
between vaccum and pseudoscalar or vector mesons belonging to octet or
nonet representations of SU(3). Thus SU(3) breaking effects are taken care
of by using physical values for masses and for fpi, fK , fρ and fK∗. Parameters
B−+(B+−) are determined using factorization for tree graph. Having deter-
mined r−+(r+−), we obtain z−+(z+−) and x−+(x+−) from Eqs.(84), (85), (80)
and (81). From x−+ and x+− following bounds on strong phases are obtained
10◦ ≤ δ−+ ≤ 48◦, 27◦ ≤ δ+− ≤ 90◦ (114)
For z−+, z+− < 0, the angles lie in the second quadrant. Further from Fig(1)
, we get lower limit on γ to be 65◦, and for the final state phases we get
δ−+ < 40◦(δ−+ ≥ 160◦)
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Figure 1: Plot of x−+ versus z−+ for various values of γ (solid curves) and δ
(dotted curves). The dark shaded area is the region allowed by experimental
data.
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Figure 2: Plot of x+− versus z+− for various values of γ (solid curves) and δ
(dotted curves)˙ The dark shaded area is the region allowed by experimental
data.
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From Fig 2, we get
δ+− > 25◦(δ+− < 155◦)
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Figure Captions:
Figure1: Plot of x−+ versus z−+ for various values of γ (solid curves) and
δ (dotted curves). The dark shaded area is the region allowed by experimental
data.
Figure2: Plot of x+− versus z+− for various values of γ (solid curves) and
δ (dotted curves)˙ The dark shaded area is the region allowed by experimental
data.
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